where N NaOH is the normality of the base added (0.01N = 10 µmol/mL), V NaOH is the volume of base added to reach the equivalence point (mL) and n HCl is the number of moles of HCl added (10 µmol). The efficiency of modification was then calculated as the difference between micromoles of carboxyl groups before and after carbodiimide coupling. Additionally, specific incorporation of the functional groups was confirmed by FTIR (Thermo Fisher Scientific) and 1 H NMR spectroscopy (Varian DirectDrive, 600 MHz). For 1 H NMR, polymers were dissolved at a concentration of at least 10 mg/mL in D 2 O.
Protein binding studies
Buffer conditions for protein binding were optimized using lysozyme and R1 nanogels. Nanogels were suspended at 0.6 mg/mL in 0.1X PBS (pH 7.4) or 1X PBS (pH 7.4), with or without 0.05% tween 20, and at room temperature or 37°C. Results suggested optimal protein binding in lower ionic strength buffer with no effect of temperature or tween 20. Thus, the remainder of the studies were performed in 0.1X PBS (pH 7.4) or 0.1X HBS (pH 5.5). Specifically, modified and unmodified nanogels were suspended at 0.6 mg/mL in 0.1X PBS (pH 7.4) or 0.1X HBS (pH 5.5) and titrated to the appropriate pH ± 0.1 with 1N HCl or 1N NaOH as needed. Proteins were dissolved in the same buffer (1 mg/mL) and combined in a 1:1 volume ratio with the nanogel solutions. Nanogels and proteins were allowed to incubate together for 1h at room temperature with gentle mixing. As a control, nanogels were incubated with buffer in the absence of protein. After 1h, particles and any bound protein were centrifuged (21,800g, 15 min) and the concentration of protein that had not bound to the particles was determined by a MicroBCA assay (ThermoFisher). The assay was performed according to manufacturer's instructions. The adsorption capacity (Q) was calculated using Equation 2: Q = (C 0 -C e )V/m (2) where C o and C e are the initial and equilibrium protein concentrations (mg/mL), respectively, V is the binding volume (mL), and m is the mass of nanogels used (mg).
For turbidity studies, the nanogels and protein solutions (final concentration of each: 0.5 mg/mL) were prepared as described above and combined in an equal volume in a 96 well plate and allowed to incubate for 1 hour. For the simulated tear study, the concentration of lysozyme was varied from 0 -0.2 mg/mL while keeping the concentrations of all other tear components constant ( Table S2) . The absorbance at 675 nm was measured using a Cytation 3 Cell Imaging Multi-Mode Plate Reader (BioTek Instruments). Turbidity (τ) was calculated using Equation 3:
where L is the pathlength and T is the transmittance. The relative turbidity (τ protein /τ buffer ) was used as input for multivariate analysis. Data collected from these studies were analyzed using principal component analysis (PCA) and linear discriminant analysis (LDA) in RStudio version 0.99.903. Figure S1 . Potentiometric titration of modified poly(NIPAM-co-MAA) nanogels. Lyophilized poly(NIPAM-co-MAA) nanogels (before and after modification) were dissolved at 0.125 mg/mL in 5 mM KCl and titrated with 0.01N NaOH to estimate the moles of carboxylic acid per milligram of NPs. . FTIR spectra of modified poly(NIPAM-co-MAA) nanogels. Decrease in the shoulder at 1715 cm -1 , corresponding to the carboxyl groups, suggests successful modification. The use of APS as an initiator introduces sulfate groups in the polymer, as evidenced by the bands at 1130 cm -1 and 1170 cm -1 corresponding to the asymmetric stretching of the sulfur oxygen bonds and the weak band at 990 cm -1 corresponding to symmetric stretching. After modification with AEHS (R2), additional sulfate bands appeared, specifically at 1020 cm -1 and 1060 cm -1 , and the intensity of the band at 1210 cm -1 increased relative to the band at 1170 cm -1 . This is interesting because it has been shown that when sulfates form complexes with metals or protons, the sulfate vibrational bands shift to higher wavenumbers.
1,2 While the sulfate groups from APS are mostly localized on nanogel surfaces, the sulfate-modified carboxyl groups are distributed throughout the nanogel where they can hydrogen bond with the amide bonds of the network. We hypothesize that this complexation resulted in the appearance of S=O bands that are distinct from the pre-existing sulfate bands. For the cationic ligands (i.e., R3, R4, R5), modification did not result in distinctive bands in the spectra because of the abundance of N-H and CH 2 bonds already present in the nanogels. Figure S4 . Transmission electron microscopy images of modified poly(NIPAM-co-MAA) nanogels. Nanogels (from left to right: R1, R2, R3, R4, R5) suspended at 0.5 mg/mL in water were probe sonicated, deposited on 400 mesh carbon-coated copper grids, and stained with 2% uranyl acetate. Images were taken at 26,500X magnification. Scale bar represents 300 nm. 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800
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Figure S6. Turbidity changes upon protein binding to charged nanogels in 0.1X PBS (pH 7.4). From left to right: fetuin (F), ovomucoid (aka trypsin inhibitor type II-O) (TI), ovalbumin (O), bovine serum albumin (B), hemoglobin (H), myoglobin (M), gamma globulins (G), lactoferrin (LF), trypsin (T), cytochrome c (C), lysozyme (L), and 0.1X PBS.
Figure S7. Correlation between relative turbidity and adsorption capacity. Relationship between relative turbidity and adsorption capacity in (a) PBS and (b) HBS. In all cases except for R3 nanogels in HBS (for which protein binding was undetectable by MicroBCA), there was positive correlation between relative turbidity and adsorption capacity (r>0, p<0.05). 
